evaluate the revision first at the editorial level and may send it back to the referees only if the revision is deemed as complete as it can be. I would therefore understand your decision if you choose to rather seek rapid publication elsewhere at this stage.
Should you find that the requested revisions are not feasible within the constraints outlined here and choose, therefore, to submit your paper elsewhere, we would welcome a message to this effect. ***** Reviewer's comments ***** Referee #1 (Comments on Novelty/Model System):
Novelty is low because the data do not support the overarching claims of the manuscript.
Referee #1 (Remarks):
Reviewer's report
In this paper the authors analyze the involvement of the Heat Shock Factor 2 (HSF2) in radial neuronal migration defects caused by Fetal Alcohol Exposure (FAE). To asses the importance of this transcription factor in brain development under ethanol exposure the authors study three different protocols of chronic fetal alcohol exposure in mice and different cell lines. The authors analyze the effect of ethanol in HSFs DNA-binding ability by gel shift assays and ChIP experiments and showed that under control conditions HSF2 presents higher DNA-binding activity to Heat Shock Elements (HSE) compared to HSF1. Under ethanol exposure, HSF1 and HSF2 form heterotrimers and it negatively affects HSF2-target genes expression involved in neural migration. The importance of HSF2 in neural migration defects under ethanol exposure is suggestd by the observation the Hsf2-/-mice showed less severe effects in brain development. Some concerns about the results and conclusions presented in this manuscript indicate that additional work and statement clarification is extremely important before publication. At the current stage, while there is a large amount of data presented, the data do not support the conclusions drawn in the manuscript.
Major concerns -The authors state that HSF2 is involved in brain cortical development, as suggested by other studies, through target genes distinct from Hsps. In addition, the authors previously published the importance of HSF2 in the regulation of the two activators of neuronal migration, p35 and p39 (Chang et al., 2006) . The main conclusion of this work is based on the less severe effect of Hsf2-/mice exposed to ethanol compare to Hsf2+/+. However, it is difficult to connect the fact that Kallio et al., 2002 and other authors demonstrated that Hsf2-/-mice suffer brain abnormalities under control conditions with the results provided in this study. How do the authors explain that HSF2 is essential for neural migration gene expression but does not have negative phenotype when it is knockout? -In the results section the authors claim that ®HSF1 was expressed at each stage of corticogenesis® but the results showed in Figure 1A only showed HSF1 protein expression in the telencephalon for E10.5 stage and no expression for E15.5, neither in telencephalon nor in forelimb. How do the authors explain that HSF1 is visualized ubiquitiously in the developing brain in figure 2B (right panel) at E16.5 stage but it is not observed by western blot in figure 1A ?
-The fact that CAI induced nuclear localization in the cortical plate is not clear from the pictures showed in figure 1F . The authors may considere performing nuclear and cytoplasm fractionation from cortex samples and analyze HSF1 protein levels by western blot.
-In the introduction the authors state that ®HSF2 controls the expression of NdeI, Dcx and Dclk1...®. However the results shown in figures 2C and 6B do not support this statement for the NdeI gene. The expression of NdeI, in figure 2C, does not change as a consequence of CAI treatment and the purported HSF1-HSF2 heterotrimer formation. Additionally, the expression obtained for NdeI in Hsf2+/+ control conditions in figure 6B does not correlate with results shown in 2C.
-The genes analyzed by ChIP in figure 2B do not show a characteristic pattern to demonstrate that CAI affects HSF2 gene expression targets. NdeI and Dclk1 show similar HSF1-HSF2 promoterbinding profile in control and CAI conditions, but different expression changes analyzed by RT-qPCR. In addition, Dclk1 and p35 showed similar mRNA decreases after CAI treatment but there is no correlation with HSF1-HSF2 promoter-binding. The authors might analyze a higher number of HSF2 gene targets to demonstrate that ethanol exposure indeed affects HSF1-HSF2 promotercolocalization and that alters the expression levels of HSF2 gene targets. Does Dcx gene have an HSE sequence? Why is this gene not included in ChIP experiments?
-The authors may also consider analyzing the effect of Heat Shock treatment by ChIP experiments on the neuronal migration genes to demonstrate that alteration in HSF1-HSF2 promoter-binding is specific for CAI. Although the authors claim that gel shift assays are different in EtOH and HS, the HSE used for gel shift assays correspond to a consensus HSE while the analyzed genes NdeI, Dclk1 and p53 do not present a standard HSE and they could be regulated by HSF1 under different conditions.
-The use of Neuro2A as a model for the experiments is based on the statement that ®this cell line displayed constitutive HSF2-binding activity in control conditions, similar to fetal cortices®. However, results shown in figure 3A for N2A under control conditions do not show constitutive HSF2-binding activity as it is observed for fetal cortices in figures 1C and 1E. In addition, the authors also say in the results section that HSF1 displayed some constitutive DNA-binding activity in N2A, which does not occur for fetal cortices. If this is the case, how is it possible to state that CAI changes the HSF DNA-binding ability in this cell line when HSF2 and HSF1 present constitutive DNA-binding activity? Is N2A a good cell model for these studies? -The ethanol treatment seems to decrease HSF1 acetylation levels compared to HS conditions, a factor that is associated with HSF1 repression, and incubation with Histone deacetylases inhibitors restored HSF1 acetylation levels after EtOH treatment. The authors may consider analyzing HDAC mRNA or protein levels in their experimental conditions to better correlate their findings using TSA. In addition, they might consider the work published by Agudelo et al., 2011 Agudelo et al., (doi: 10.1111 Agudelo et al., /j.1530 Agudelo et al., -0277.2011 that demonstrates that HDAC2 is upregulated by EtOH using neuronal cell lines. The authors might also consider that alteration in HDAC activities and protein acetylation levels can also provoke chromatin remodeling alterations as it has been previously published by Padey et al., 2008 (Brain chromatin remodeling: a novel mechanism of alcoholism). They might consider the possibility that chromatin remodeling can be the main factor of HSF1-HSF2 DNAbinding activity alteration under EtOH exposure and that can explain changes in gene expression of neural migration genes.
-In the results and discussion sections, the authors claim that sumoylation modification is prolonged under ethanol exposure compared to HS conditions. However, this statement is not supported by the results shown in figure 3G . Sumoylation levels are lower than in HS conditions at 0.5 and 1 h treatment but similar at 3 and 6 h treatment between EtOH and HS. They authors might remove this conclusion that is not supported by the data presented.
-In figure 5D , the authors analyze the effect of Hsf2-/-in mice under intraperitoneal injection of EtHO and the HSF1-HSF2 DNA-binding activity. However, Hsf2+/+ control does not show HSF1 DNA-binding, as previously shown for CAI. In this case it is not possible to correlate that the loss of binding of HSF1 is due to the absence of HSF2 when HSF1 is not binding under EtOH treatment in Hsf2+/+.
-They authors might perform ChIP experiments in Hsf2-/-mice under ethanol conditions for HSF1, to analyze if the neuronal migration genes NdeI, Dcx, Dclk1 and p35 are regulated entirely by HSF1 in the absence of HSF2.
Minor comments:
-In the results section the authors claim that ®CAI caused the loss of HSF2 binding and HSF1 binding to the p35 HSE...®. However, results shown in figure 2C only demonstrated that HSF2 losses binding after CAI but HSF1 never binds in control or CAI conditions. Similarly, in the introduction section the authors state that ®the modification of HSF1 and 2 activities disturb the expression of p35®. However, I would say that only HSF2 activity alteration disturbs p35 but not HSF1 because this protein does not seem to regulate p35.
- Figure 3D bottom panel says VPA instead of TSA.
-Using a HSE probe that could bind only one trimer and gel shift assays are not direct experiments to state that HSF1-HSF2 form heterotrimers. It can be a possibility that HSF1 and HSF2 homotrimers can independently bind to different molecules of the HSE in the same sample or one protein off the DNA can interact with the other protein bound to DNA. They authors should explain this.
- Figure 5D legend must explain what is e1,e2,e3,e4.
- Figure 6C is not commented in the text.
Referee #2 (Remarks):
The manuscript by EL FATIMY et al., represents an important study investigating the molecular mechanisms underlying fetal alcohol syndrome, which is common pathology. The authors have used an interdisciplinary approach, which revealed that upon exposure to ethanol, HSF2 is essential for the triggering of HSF1 activation by alcohol, thereby steering the formation of alcohol-specific HSF1-HSF2 heterocomplexes. This disturbs the physiological in vivo binding of HSF2 to heat shock elements (HSEs) in genes that control neuronal migration in normal conditions, such as p35 or MAPs (microtubule-associated proteins; Dclk1, Dcx, Nde1), and alters the expression of these genes. Overall, this is a comprehensive and exciting study. I have some comments, which may improve the manuscript.
1. In the introduction the authors do not refer to HSF4.
2. Fig. 1 shows only a histogram of the neuronal positioning by BrdU. Neuronal migration is one of the major issues of this manuscript, and appears in the title. At least representative images of the migration phenotype should be presented (this comment relates also to figure 6 ). In the methods part the related sentence should be corrected "BrdU positive cells were counted on 6 whole VZ and SVZ? cortices from 3 independent litters". The methods relate also to short BrdU experiments in the mice, but I do not see those results. In addition, the methods mention the wound healing assay, however this assay is not referred to in the rest of the text.
3. Fig. 1A , shows a western blot, however the control cells do not seem to express HSF2 alpha. 4. Fig. 1F , a higher magnification may allow to visualize better the differences. 5. Fig. 2B , the related test should be somewhat modified; no difference in c/ca1 of nde1 HSF2 and there is a reduction in HSF2 in Dclk1 c/ca1. It should be useful to add ChIP for Hsp70. 6. Fig. 2C : the changes in mRNA levels of Dcx, Dclk, Nde1 following fetal alcohol exposure are presented and are very interesting. The confirmation on the protein level will support the hypothesis that migration defect in FAE is mediated by reduced transcription of these genes. Are the changes in Nde1 significant as indicated? 7. Fig 6F: loading control is lacking.
8. In the text -p12, 6 lines from bottom: refer to Fig. 4A , should be 4B.
Editorial Adviser:
The work by El Fatimy et al. addresses a critical developmental problem with direct public relevance: fetal alcohol syndrome. Whilst the Authors estimated and referenced 1 in 100 pregnancies negatively impacted by alcohol, at-risk populations in Europe and beyond exist with much higher rates of incidence for this condition. The Authors present a mechanistic study identifying HSF2 as a "sensor" for developmental defects through its interaction with HSF1. The data seem to be novel and by and large convincing. Yet some elements are tenuous, which perhaps is due to the "tour de force" type analysis the Authors have taken as their course of action.
As a third reviewer, arbitrating between the original ones, it would seem inappropriate to ask new questions. Instead, I will focus on supporting the original Referees' queries by providing a subjective yet likely helpful list of priorities.
Overall, the manuscript is a very difficult read because it is packed with data. At some point it tends to slip into being excessively confirmatory of previous findings. The six figures are unusually packed, the panels are not referenced in their order of appearance, and often too small to see details. Therefore, it would be helpful for the reader to only show what really is important in the main figures, and then drop some of the more auxiliary data into supporting information. Perhaps a new figure should be generated for the first half of Fig. 1 , which Referee 1 clearly, and rightfully, has criticized.
Referee 1's points #1, #3, #4, #7, #8, #10 are most critical and must be followed up. For #7 (N2A cell line), primary cortical neurons or similar positive controls must be introduced. Point #2: is due to having a too small figure and overloading the positive control, which rendered the really important lanes partly obscure. Point #5: is again very credible and needs to be dealt with, particularly in relation to the Dcx question. Point #6: (HSE sequences) comment is entirely fair, which I think anyone non-familiar with these interactions would have problem with. Perhaps explanation of how relaxed these consensus sequences can be, and how many different types there are should be mentioned in the text. Point #9: The SUMOylation data needs to be rearranged and the text clarified such that it becomes a readable piece. This is one of the key components of the paper but seems to be crammed into a few panels, which are small, of relatively low quality (on the PDF), and less informative than they should be. The Referee's comment certainly must be followed. Point #11 might be of less importance if the above concerns are exhaustively addressed.
(Minor comments are straightforward).
For Referee 2, I agree with her/his critical point (#2) on the lack of representative images in Figures  1 and 6 , which gives the lingering impression of substandard data quality. This certainly should be addressed, and accommodated. Points #3, #4, #5 and #7 will need to be dealt with. I would perhaps deemphasize #6, except the query about the statistical significance, which I think is erroneously reported. The other queries are self-explanatory.
RESPONSE TO REFEREES
We have tried to keep our responses as short as possible, as requested by the editor. However, several of the points raised by the referees are subtle, and we have preferred to explain these in detail here rather than adding unnecessary bulk to the manuscript. We have numbered our answers point #1.1 for Referee #1's point 1, etc. The figures included in our response to the Referees have also been numbered accordingly, e.g. Figure #1 .1 corresponding to point #1.1.
Referee #1 (Comments on Novelty/Model System):
Many aspects of this study are strikingly different from previous reports in the literature. While we now discuss the novelty of our study in greater detail in the revised manuscript, we would like to make certain aspects of our work clear here. -Our work is the first to demonstrate a prominent role for HSF2 in the stress response in vivo in the developmental period: it is necessary to activate HSF1 under conditions of environmental stress and not merely to modulate HSF1-dependent gene expression, as for example in the case of cell systems or preimplantation embryos subjected to classic heat shock (42°C-43°C; Östling 2007, JBC; Le Masson et al., 2011, Mol Cell Biol) .
-The persistent activation of HSF1 and HSF2 by prolonged stress is also new. Indeed, both HSF1 and HSF2 are inactivated by prolonged heat shock-the former over time and the latter rapidly (Kline & Morimoto 1997; Ahlskog 2010) . However, this inactivation does not occur with chronic alcohol exposure, possibly due to the alcohol-specific post-translational modifications that we observed in HSF1.
-The existence of HSF1-HSF2 heterotrimers, while a subject of speculation for a long time, has never been conclusively demonstrated in vivo and under conditions of stress relevant for human health. In addition, the alcohol-induced heterotrimers we observed both in vivo and ex vivo display biochemical properties (e.g. in gel-shift assays and glycerol gradients) that differ from those described previously.
-Finally, we describe that this new and essential mode of HSF2 action affects the occupancy and expression of target genes involved in the radial migration of cortical neurons, thus providing -for the first time -a molecular explanation for the neuronal positioning defects characteristic of Fetal Alcohol Syndrome.
The fact that the enigmatic HSF2, whose role in the stress response has remained elusive for so many years, occupies such a prominent place, both under adverse environmental conditions and at the level of the development of the organism, is therefore of great significance. In addition, our alcohol-induced stress conditions have real pathological relevance in terms of human health.
#1.1-"The main conclusion of this work is based on the less severe effect of Hsf2-/-mice exposed to ethanol compare to Hsf2+/+. However, it is difficult to connect the fact that Kallio et al., 2002 and other authors demonstrated that Hsf2-/-mice suffer brain abnormalities".
We agree with Referee #1 that this crucial point ( Fig. 6A ) needs to be better explained. We have previously reported brain abnormalities under non-stress conditions (Kallio 2002) and radial neuronal migration and positioning defects (Chang 2006) in Hsf2 -/mice. In order to distinguish between the effects of the presence or absence of HSF2 under control conditions and the role of HSF2 in response to fetal alcohol exposure, we took the following steps. First, we chose a mixed C57Bl/6N x C57Bl/6J genetic background for our mice, in which the effects of Hsf2 gene inactivation on neuronal migration under control conditions are less severe than in the pure C57Bl/6N strain used previously. As illustrated by the raw data plotted in Supplementary Fig S11A, the abnormal distribution of cortical neurons in Hsf2 -/mice in this background is slight but not significant.
Secondly, under control conditions, Hsf2 gene inactivation clearly affects the number of BrdU-positive cells, suggesting proliferation defects (compare black bars in KO with black bars in WT mice; Supplementary Fig S11A) , as observed in our previous study on the C57Bl/6N background (Chang 2006) . Notably, this proliferative effect is not worsened by fetal alcohol exposure (compare black bars and white bars in the Hsf2 -/context). In order to avoid confusing the reader with these two phenomena, we chose to normalize all data to control levels for a given genotype, set at 1.
Thanks to these two measures, our main conclusion becomes clearer: the effects of fetal alcohol exposure on the distribution of neurons between deep (IV-VI) and superficial cortical layers (I-III) are less severe in Hsf2 -/mice than in wild-type mice.
To meet Referee #1's requirement, we have added our raw data to Supplementary  Fig S11 A , and the two explanations above to the Results section. In addition, as suggested by Referee #2, we have added images from these neuronal positioning experiments in Figure 6B , to illustrate our non-normalized observations. To further clarify our message, we have also deleted the terms "beneficial" and "detrimental" from most of the text, or explained them in a more detailed manner in order to avoid any confusion with the detrimental effects of the loss of HSF2 under control conditions. #1.2-HSF1 expression during Corticogenesis. "-In the results section the authors claim that ¨HSF1 was expressed at each stage of corticogenesis¨ but the results showed in Figure 1A only showed HSF1 protein expression in the telencephalon for E10.5 stage and no expression for E15.5, neither in telencephalon nor in forelimb. How do the authors explain that HSF1 is visualized ubiquitiously in the developing brain in figure 2B (right panel) at E16.5 stage but it is not observed by western blot in figure 1A ?
We have provided a better quality western blot (WB) showing that HSF1 is expressed during corticogenesis, between E13.5 and E18.5. In addition, a paper recently accepted in Neuron by Hashimoto-Torii et al. (Rakic laboratory) -of which we are co-authors -describes the role of HSF1 in corticogenesis in response to various environmental insults (including alcohol). We have therefore deleted these data from Fig. 1 , but transferred HSF1 expression profiles to supplementary Fig S1B and C. The lanes for the E13 stage of the former WB (in which the HSF1 signal was clearly observed) can now be found in supplementary Fig S10D in order to illustrate the point that the HSF1/HSF2 ratio is different in the developing brain than in other organs, as mentioned in the discussion. #1.3-Nuclear versus cytoplasmic localization of HSF1 after CAI. -"The fact that CAI induced nuclear localization in the cortical plate is not clear from the pictures showed in figure 1F . The authors may considere performing nuclear and cytoplasm fractionation from cortex samples and analyze HSF1 protein levels by western blot."
We have replaced the original images with clearer high-magnification images. Nuclear/cytoplasmic fractionation experiments are usually very difficult to do in tissues because of frequent leaking of some nuclear material in the cytoplasm. This is the case for the developing cortex, because cortical nuclei are very fragile. Since HSF1 is rapidly shuttled between the cytoplasm and the nucleus, its increased nuclear localization is only one indication of its activation. Therefore, we also used the phosphorylation of HSF1 on Ser326, a bona fide hallmark of its activation. These data are now shown in supplementary Fig S2. Note that in Figure 3 , we provide additional evidence about the post-translational status of HSF1 following its activation by alcohol (sumoylation and phosphorylation on residues Ser303/307). Indeed, in contrast to p35, Dcx, and Dclk1, the expression of Nde1 is not changed by fetal alcohol exposure in a significant manner (supplementary FigS11B ). While we showed these data in the previous version of the manuscript to provide an example of a gene bound by but not modified by HSF2, we have now removed Nde1 to clarify our message, and added it to supplementary FigS11B along with other genes involved in radial neuronal migration whose expression is not affected by fetal alcohol exposure. Note that we also use this gene for our demonstration in favour of HSF1-HSF2 heterotrimers, because its HSE can bind only one trimer (see our working model in Figure 4A and Supplementary Figure S8C) #1.5 -a) The genes analyzed by ChIP in figure 2B do not show a characteristic pattern to demonstrate that CAI affects HSF2 gene expression targets. NdeI and Dclk1 show similar HSF1-HSF2 promoter binding profile in control and CAI conditions, but different expression changes analyzed by RT-qPCR.
The purpose of Figure 2B is to show that HSF2 binding, which occurs on HSEs in control situations, is disturbed by CAI. There are two different outcomes in the analysis of the genes presented here. Either CAI provokes the loss of HSF2 binding (and therefore the loss of HSF1 binding as well because HSF2 is necessary for HSF1 binding; see Figure 5 in our manuscript) as in the case of p35; or it promotes the binding of HSF1-HSF2 complexes (like on Dclk1 HSE). As mentioned in point 1.4c, the consequence of this binding can be either an increase or a decrease in transcription, even for the same pattern of binding. Such a situation has been already described for the classic HSF target genes, the Hsps, in response to heat shock: the binding of HSF2 concomitantly with HSF1 results in an increase in the transcription of Hsp70 but not of Hsp40 or Hsp110 (Östling 2007) . Thus, the binding of both HSF1 and HSF2 does not always alter transcription in the same way. In the case of p35, as mentioned in our manuscript, it is interesting to note that the loss of HSF2 binding after CAI (and absence of HSF1 binding; see Figure 5 ) results in a reduction in transcription similar to that observed in Hsf2 -/cortices. See also point #1.4 regarding Nde1; this is an example of a gene in which the binding of both HSF1 and HSF2 after CAI does not significantly alter its expression, suggesting that these are not the major factors regulating its expression, although they bind to HSEs; other transcription factors may help to compensate for these binding modifications. This is in line with studies in Drosophila that show that only 10% of the genes associated with HSF binding sites display changes in transcription after heat shock (Gonsalves et al, 2011) . In addition, it is known from ChIPSeq analyses that binding of HSF to HSEs can occur with or without changes in expression, given the target gene considered (Vihervaara et al, 2013) .
These effects could depend on the HSE environment in terms of other transcription factors (that may or may not compensate for the lack of HSF2), on chromatin status, etc., and are now discussed (Results, pages 8-9; Discussion pages 21-22, and 23 for the chromatin environment). #1.5 -b) Additionally, the expression obtained for NdeI in Hsf2+/+ control conditions in figure 6B does not correlate with results shown in 2C.
The EtOH/CTR ratio for Nde1 transcripts was very close to 1 in both previous Fig 2C and Fig 6B. The slight difference between the ratios in WT cortices in Fig. 2C and Fig. 6B is due to the fact that cortices were analyzed at E16.5 in Fig. 2C and at E17.5 in Fig. 6B . Nevertheless, it is important to note that, globally, the EtOH/CTR ratio of transcript levels in WT cortices was extremely similar between E16.5 and E17.5 for all the genes analyzed in the previous Figs. 2C and 6B (p35, Dcx, and Dclk1), supporting the robustness of our data. We have however deleted Nde1 from the new Fig 2A and B and transferred it to supplementary Fig S11B, as mentioned in point #1.4.
#1.5 -c)
In addition, Dclk1 and p35 showed similar mRNA decreases after CAI treatment but there is no correlation with HSF1-HSF2 promoter-binding. "-The genes analyzed by ChIP in figure 2B do not show a characteristic pattern to demonstrate that CAI affects HSF2 gene expression targets. NdeI and Dclk1 show similar HSF1-HSF2 promoter binding profile in control and CAI conditions, but different expression changes analyzed by RT-qPCR. In addition, Dclk1 and p35 showed similar mRNA decreases after CAI treatment but there is no correlation with HSF1-HSF2 promoter-binding ».
Much of the explanation for these seemingly contradictory results is provided in point #1.5a above. This aspect of gene activation vs. repression by HSFs has been often overlooked due to the historical focus on the activation of heat shock genes by HSF1. However, HSF2 can affect target gene transcription upon heat shock either positively or negatively (Östling 2007) , likely through the formation of HSF1-HSF2 heterotrimers (which are distinct from the heterotrimers induced by ethanol). In addition, HSF1 has also recently been shown to repress transcription, as illustrated by its amazing ability to completely rewire the transcriptome in cancer (Mendillo 2012; Santagata 2013) . The unusual features of HSF1 activation by ethanol in terms of low transcriptional abilities might also account for the differential (positive or negative) impact that HSF1/HSF2 might have on gene transcription. We now mention these aspects in the Discussion (pages 21-23) .
#1.5 -d)
The authors might analyze a higher number of HSF2 gene targets to demonstrate that ethanol exposure indeed affects HSF1-HSF2 promoter co-localization and that alters the expression levels of HSF2 gene targets. Does Dcx gene have an HSE sequence? Why is this gene not included in ChIP experiments?
We completely agree with the Referee.
-We now provide ChIP data for Dcx in Fig 2A, (2013), which identified genes targeted by HSF1 and/or HSF2, for genes involved in radial neuronal migration. Using this approach, we identified Rttn (encoding Rotatin), Myo10 (Myosin 10 isoforms), MapT (tau), and Mark2 (par-1, encoding a kinase) as targeted by HSFs.
Among these, the expression of Myo10, MapT and Mark2 was found to be significantly affected by alcohol in an HSF2-dependent manner (Fig 6C) . The expression of the other genes was not markedly affected by alcohol, and interestingly their expression not dependent on HSF2 in alcohol conditions, reinforcing the conclusion that HSF2 is a major mediator of disturbances in the expression of genes affected by alcohol in an HSF2dependent manner.
Note that for these additional genes, we focused to E17 for RT-qPCR analyses, a window during which most of genes were expected to be expressed and/or be dependent on HSF2 (for example, the dependency of p39 on HSF2 under control conditions is greater at E17 than at E16 in our hands (Chang et al, 2006) ).
#1.6-The authors may also consider analyzing the effect of Heat Shock treatment by ChIP experiments on the neuronal migration genes to demonstrate that alteration in HSF1-HSF2 promoter-binding is specific for CAI.
We have tried this experiment many times in the past using different temperatures, durations of stress, medium in which cortices were heat-shocked ex vivo etc., without success. E15.5-E17.5 cortices are extremely sensitive to heat shock and rapidly damaged. As illustrated by the EMSA in Figure #1 .6, complexes observed after heat shock in E16.5 cortices are "smeared" (blue line) and not supershifted by antibodies to either HSF1 or HSF2, unlike those from iMEFs or E16.5 control cortices, suggesting that they do not correspond to typical HSF-HSE complexes detected after heat shock or alcohol, but rather to HSF-HSE complexes altered by protein degradation. Figure #1 .6: Gel-shift assay of HSF1 and HSF2 DNA-binding activity in iMEFs or E16.5 cortices under control or heat shock conditions (42°C, 30 min). The black bar indicates the position of HSE-HSF complexes in heat-shocked iMEFs (positive controls) or control E16.5 cortices. The presence of HSF1 or HSF2 in the HSF-HSE complex (HSF-HSE) was assessed by supershifting (black arrow) in the presence of anti-HSF1 (α1) or anti-HSF2 antibodies (α2). The blue line points to the "smeared" complexes observed in heat-shocked E16.5 cortices. In E16.5 CTR cortices, the typical constitutive HSE-DNA binding activity of HSF2 was observed (supershifting with anti-HSF2 antibody), whereas, as expected, HSF1 did not display any constitutive DNA-binding activity under control conditions. Note that E10.5-E12.5 cortices are not as sensitive to ex vivo heat shock as are E16.5 cortices. This could be seen in our previous Fig. 1C , where HSF1 was clearly activated by heat shock (and was HSF2 inactivated). In order to lighten our manuscript, we deleted these data from the revised version, because we considered that it did not bring much to our argumentation. These stages are not relevant to address this question, because HSF2 does not influence radial neuronal migration at these stages (Chang et al., 2006) .
It should be noted that we cannot subject pregnant mice to temperatures high enough to reach the classic 42-45°C temperature range known to activate HSF1 ex vivo, in fetuses, because the mothers would die. Applying temperatures in the 39-41°C fever range, although more feasible in pregnant mothers, is known to activate only HSF2 and not HSF1 ex vivo (Shinkawa 2011), which would not be representative of the classic Heat Shock Response.
Besides, we do not claim that heat shock cannot modulate these genes in an HSFdependent manner. Indeed, heat shock has also been shown ex vivo by ChIP to involvetransiently -the binding of HSF1 and HSF2 to the Hsp gene (Östling 2007; Ahlskog 2010) , likely through the formation of HSF1-HSF2 heterotrimers (Sandqvist 2009). We have also demonstrated the concomitant occupancy by HSF1 and HSF2 of HSEs of the Hsp70 gene upon heat shock and ethanol exposure in iMEFs (see Suppl. Fig. S2C ). Notably, p35 (also called Cdk5R1) is bound by HSF1 after heat shock in cancer HME cell models (Mendillo 2012), supporting the stress-responsive binding of the p35 regulatory region by HSF1. See our point #1.1 concerning the novelty of our findings with regard to these heterotrimers. #1.7-The use of Neuro2A as a model for the experiments is based on the statement that ¨this cell line displayed constitutive HSF2-binding activity in control conditions, similar to fetal cortices¨. However, results shown in Figure 3A for N2A under control conditions do not show constitutive HSF2-binding activity as it is observed for fetal cortices in figures 1C and 1E. (see also Referee#3)
In previous Figure 3A, now Fig S6A) , the exposure time was chosen to illustrate the induction of HSF1 and HSF2 DNA-binding activity upon ethanol exposure, and the fact that the intensity of the complex induced by ethanol was lower than that induced by heat shock. We deleted the first (redundant) 3 N2A C (control) lanes, in which the HSF2 constitutive DNA-binding activity was not easily observable, in order to focus attention on the other N2A C lanes (lanes 4-6 in the new Fig S6A) . In addition, as shown in Fig. 5A , control N2A cells display constitutive HSF2 DNA-binding activity, as does the developing cortex (although in lesser extend), and also display constitutive HSF1 DNA-binding activity, as is often the case for cell lines of tumoural origin.
Over the past few years, we have tried to check our hypothesis in other models, including neurosphere cultures of cortical neural progenitors or primary cortical neurons, in collaboration with Dr. Véronique Dubreuil and Prof. Jan Sap of our Unit, who are experts in the field. However, in each case, the levels of HSF1 and HSF2 rapidly decreased within 2-3 days in culture (see Figure #1 .7b), making them inappropriate models for the developing mouse cortex. Figure #1 .7b. A. Neural progenitors were isolated from E16.5 cortices and grown as neurospheres for 2 to 6 passages (P2 to P6) and HSF2 protein levels analyzed by western blotting (Chojnacki 2008) . B. Primary neurons were isolated from E17 cortices (Beaudoin 2012) and cultivated up to 7 days ex vivo, at which time they start to display typical neuronal morphology and characteristics.
Note that Pignataro et al. (2007) used postnatal rat primary cortical neurons. However, in our hands, HSF2 is not active anymore and expressed at very low levels in these neurons. We have also tested other neural cell lines, but so far have not found any with constitutive HSF2 binding activity but little or no constitutive HSF1 activity.
We must specify that we only used N2A to confirm what we had already shown in the fetal alcohol-exposed cortex or when transfection experiments were needed. In addition, while the formation of HSF1/HSF2 heterotrimers in fetal cortices is observed after alcohol exposure, in N2A cells, the constitutive HSF1 and HSF2 activation likely leads to the formation of heterotrimers even under control conditions (supplementary Fig S6 A and B) . However, ethanol exposure clearly increases the formation of heterotrimers and the activity of HSF1 and HSF2 in N2A cells, which is what we were hoping to show. Ethanol also triggers HSF1 and HSF2 activation in iMEFs, in which HSF1 and HSF2 DNA-binding activities are very low (supplementary Fig S2) , and in F9 cells, which have high levels of HSF2 DNAbinding activity but are not a neural cell model (Rallu 1997; supplementary Fig. S5 ).
#1.8 -a)
The ethanol treatment seems to decrease HSF1 acetylation levels compared to HS conditions, a factor that is associated with HSF1 repression, and incubation with Histone deacetylases inhibitors restored HSF1 acetylation levels after EtOH treatment. The authors may consider analyzing HDAC mRNA or protein levels in their experimental conditions to better correlate their findings using TSA. In addition, they might consider the work published by Agudelo et al., 2011 Agudelo et al., (doi: 10.1111 Agudelo et al., /j.1530 Agudelo et al., -0277.2011 that demonstrates that HDAC2 is upregulated by EtOH using neuronal cell lines. The authors might also consider that alteration in HDAC activities and protein acetylation levels can also provoke chromatin remodeling alterations as it has been previously published by Padey et al., 2008 (Brain chromatin remodeling: a novel mechanism of alcoholism). They might consider the possibility that chromatin remodeling can be the main factor of HSF1-HSF2 DNA-binding activity alteration under EtOH exposure and that can explain changes in gene expression of neural migration genes.
We agree with Referee #1 and had already thought about this aspect, based on the report on HDAC2 by Agudelo et al. (2011) . In addition, in the liver, alcohol associated with fatty-acid-rich diets modifies SIRT1 mRNA levels (Oliva 2008; Lieber 2008; You 2008; Liang 2011) , while HSF1 is regulated by SIRT1 (Westerheide 2009).
We thus investigated HDAC1, HDAC2, and SIRT1 protein levels following exposure to 0.5% ethanol in N2A cells, and the effect of their inhibition on HSF1 acetylation. These data have been added to supplementary Figure S6 D) , and suggest that alcohol-induced modifications in HDAC levels (including SIRT1) might, at least transiently, contribute to maintaining HSF1 in a deacetylated state. However, there are also other explanations for the lack of HSF1 acetylation upon longer ethanol exposure, for example, the long-term association of HSF1 and HSF2 within alcohol-induced heterotrimers. This hypothesis needs to be considered because most post-translational modifications of HSF1 (classically induced by heat shock) are not or only weakly triggered by alcohol (Fig 3) .
We hope that we have answered the Referee's questions, but the subject is not simple and will likely require deeper investigations that are, in our opinion, beyond the scope of this manuscript.
#1.8 -b)
The authors might also consider that alteration in HDAC activities and protein acetylation levels can also provoke chromatin remodeling alterations as it has been previously published by Padey et al., 2008 (Brain chromatin remodeling: a novel mechanism of alcoholism). They might consider the possibility that chromatin remodeling can be the main factor of HSF1-HSF2 DNA-binding activity alteration under EtOH exposure and that can explain changes in gene expression of neural migration genes.
We completely agree with Referee #1, and we are currently exploring the mechanism by which HSF2 acts in the normal and pathological (alcohol-exposed) brain in collaboration with Lea Sistonen (Turku, Finland). Indeed, HSF2 has only a weak ability to modulate transcription by itself and likely acts by recruiting chromatin remodelers and histone modifiers, depending on the stress (heat shock, mild heat shock, ethanol exposure…) and the target gene considered. Since this study is still in progress and in collaboration with another group, we cannot present these data here, but have mentioned this possibility in the Discussion (page 20 and paragraph 2) . We have also added a paragraph to explain how modifications in HSF2 binding by alcohol could recruit chromatin remodelers and modify the chromatin environment, in line with a recent report in the literature (Vihervaara et al, 2013;  Discussion page 23 and first paragraph). #1.9-The authors claim that sumoylation modification is prolonged under ethanol exposure compared to HS conditions. They authors might remove this conclusion that is not supported by the data presented Actually, this can be seen in the experiment in HeLa cells showing nuclear stress bodies (nSBs, supplementary Fig S7) , but we agree that prolonged sumoylation is not observed in Fig 3E at 6 hours. As suggested by Referee #1, we have deleted this conclusion and just mentioned the fact that the induction of HSF1 sumoylation is reduced/delayed in cells exposed to ethanol, as compared to heat shock. #1.10-In figure 5D , the authors analyze the effect of Hsf2-/-in mice under intraperitoneal injection of EtHO and the HSF1-HSF2 DNA-binding activity. However, Hsf2+/+ control does not show HSF1 DNA-binding, as previously shown for CAI. In this case it is not possible to correlate that the loss of binding of HSF1 is due to the absence of HSF2 when HSF1 is not binding under EtOH treatment in Hsf2+/+. Figure 5D compares the binding activity of HSF1 and HSF2 after ethanol exposure in Hsf2 +/+ (embryos ε1 and ε2) and Hsf2 -/embryos (embryos ε3 and ε4). In the Hsf2 +/+ embryos, both HSF1 and HSF2 binding activities were detected by EMSA upon CAI, as shown in Fig 1. In the Hsf2 -/embryos, no HSF binding activity could be detected. In Fig 5E (graph quantifying the signal intensity of the complex in Figure 5D ), we realized that there was an error in the position of the curve corresponding to the supershift induced by the anti-HSF1 antibody in WT embryos and have corrected it. #1.11-They authors might perform ChIP experiments in Hsf2-/-mice under ethanol conditions for HSF1, to analyze if the neuronal migration genes NdeI, Dcx, Dclk1 and p35 are regulated entirely by HSF1 in the absence of HSF2.
Actually, based on the EMSA experiment in Hsf2 -/cortices, we would expect virtually no alcohol-induced activation of HSF1 in the absence of HSF2 (see Fig 5D) . Consequently, in ChIP experiments, these genes would not be bound by either HSF1 or HSF2, although there could be some residual HSF1 activity.
We tried to collect enough material to answer this point, even though it was deemphasized by Referee #3. Nevertheless, due to the hypofertility of Hsf2 -/females and mortality of some Hsf2 -/fetuses (Kallio 2002) , it was not possible to fulfil this requirement on time, and all collected Hsf2 -/material was dedicated to RT-qPCR of the 14 additional genes that we identified as putative target genes. Indeed, RT-qPCR experiments can be performed on individual fetal cortices, whereas ChIP experiments require at least 3-4 cortices per point.
Minor comments:
-In the results section the authors claim that ¨CAI caused the loss of HSF2 binding and HSF1 binding to the p35 HSE...¨. However, results shown in figure 2C only demonstrated that HSF2 losses binding after CAI but HSF1 never binds in control or CAI conditions. Similarly, in the introduction section the authors state that ¨the modification of HSF1 and 2 activities disturb the expression of p35¨. However, I would say that only HSF2 activity alteration disturbs p35 but not HSF1 because this protein does not seem to regulate p35.
We understand the Referee's concern. In the case of p35, it is indeed the disturbance of HSF2 binding (and not the binding of HSF1-HSF2 trimers) that perturbs p35 expression. We have modified the text accordingly.
This error was fixed in what is now Fig 3B. -Using a HSE probe that could bind only one trimer and gel shift assays are not direct experiments to state that HSF1-HSF2 form heterotrimers. It can be a possibility that HSF1 and HSF2 homotrimers can independently bind to different molecules of the HSE in the same sample or one protein off the DNA can interact with the other protein bound to DNA. They authors should explain this.
As explained in the text, if the HSF-HSE band were composed of a mixture of homotrimers, then supershifting of the entire band by either anti-HSF1 or anti-HSF2 antibody would not occur. Because complete supershifting did occur with any one antibody, we concluded that this was due to the formation of heterotrimers. This conclusion is also supported by EGS cross-linking experiments and ChIP experiments using an HSE that can only accept one trimer (like the Nde1 HSE).
Indeed, these symbols correspond to individual embryos, now added to the legend.
This error has been fixed.
Referee #2
#2.1. In the introduction the authors do not refer to HSF4.
We now mention that we focused on HSF1 and 2, since HSF4 does not display any activity in the developing brain, citing our Review on this point (Abane & Mezger, 2010) . Neither we nor other groups have observed HSF4 in the prenatal brain, although this is mentioned per se in the literature. Fig. 1 shows only a histogram of the neuronal positioning by BrdU. Neuronal migration is one of the major issues of this manuscript, and appears in the title. At least representative images of the migration phenotype should be presented (this comment relates also to Figure  6 ).
#2.2.
We thank the Referee for this useful comment. We now provide images of the corresponding cortices in Fig 1A, supplementary Fig S1A, and Fig 6B. #2.3. Fig. 1A , shows a western blot, however the control cells do not seem to express HSF2 alpha. The control cells are F9 cells that express both isoforms (alpha and beta), but beta is much more expressed that alpha.
We have replaced this image by a more representative one, and transferred the data to supplementary Fig S1B (see point #1. 2). They serve to discuss the use of HSF2 α and HSF2 β in the rescue experiments in supplementary Fig S10 C. #2.4. Fig. 1F , a higher magnification may allow to visualize better the differences.
We completely agree. This has been added to supplementary Fig S2A and B. In addition, we have performed fractionation experiments as suggested by Referee #1 and added the corresponding data to Figure S2C (please also see point #1.3 for more details). #2.5. Fig. 2B , the related test should be somewhat modified; no difference in c/ca1 of nde1 HSF2 and there is a reduction in HSF2 in Dclk1 c/ca1. It should be useful to add ChIP for Hsp70.
-We would like to underline the fact that HSF2 binding on the Dclk1 HSE was not significantly different between control and CAI conditions (indeed, the error bars widely overlap), as is the case with Nde1, as stated in the text. The slight differences in HSF2 binding upon CAI to Nde1 and Dclk1 might be due to a different chromatin environment in the two cases, a difference in the composition of HSF1-HSF2 heterotrimers binding to the two HSEs, or other unknown factors. The main point that we wish to make here is that HSF2 is bound to the HSE of each of these two genes both under control and CAI conditions. -We have added ChIP data for the Hsp70 promoter, performed on the same samples (see Figure 1H ). It is important to note that HSF2 does not significantly bind Hsp70 HSEs under control conditions. In contrast, it binds constitutively to MAP HSEs. However, a marked increase in the binding of both HSF1 and HSF2 on Hsp70 is observed upon CAI; moreover, HSF2 binding at this site is comparable to that observed for Dclk1 (see Figure #2 .5).
#2.6. Fig. 2C : The changes in mRNA levels of Dcx, Dclk, Nde1 following fetal alcohol exposure are presented and are very interesting. The confirmation on the protein level will support the hypothesis that migration defect in FAE is mediated by reduced transcription of these genes.
We show in supplementary Fig S4C that in agreement with the RT-qPCR data, p35 protein is reduced in fetal cortices upon CAI. We investigated some of the members of DCX/DCLK1 family in western blots, which are difficult to distinguish because of their numerous isoforms and the cross-reactivity of some antibodies. There seems to be interesting differential effects on some variants that could be due to impact on alternative splicing. This complexity deserves deeper analyses, which is beyond the scope of this study.
Referee #3
#3.1. Overall, the manuscript is a very difficult read because it is packed with data. At some point it tends to slip into being excessively confirmatory of previous findings. The six figures are unusually packed, the panels are not referenced in their order of appearance, and often too small to see details. Therefore, it would be helpful for the reader to only show what really is important in the main figures, and then drop some of the more auxiliary data into supporting information. Perhaps a new figure should be generated for the first half of Fig. 1 , which Referee 1 clearly, and rightfully, has criticized.
We have shortened and completely rewritten the manuscript. We have also simplified the figures, especially Fig 1 and Fig 3, moved auxiliary 6 into Fig 6 and Fig 7. binding of HSF1-HSF2 heterotrimers can both result in the downregulation in gene expression, based on ChIPSeq data analyses in the literature. These data also point out genes bound by HSFs whose expression is not altered by HSF knockout. Point #1.7. We provide data showing that cultures of neuronal progenitors or primary cortical neurons are unfortunately not good models for the study of the role of HSF2. As a consequence, N2A neuroblastoma cells are for the moment the best cell model that is available for our study. Point #1.8. We followed the advice of Referee 1 and have mentioned the possible role of HSF2 on the chromatin environment in the discussion. Point #1.10. We have corrected the text and graph according to Referee 1's requirement.
Point #2: is due to having a too small figure and overloading the positive control, which rendered the really important lanes partly obscure.
We have performed new western blot experiments to correct this. The data have been moved to Figure S1B for the reasons given in point #1.2. Point #5: is again very credible and needs to be dealt with, particularly in relation to the Dcx question.
Please see our detailed response in point #1.5. Point #6: (HSE sequences) comment is entirely fair, which I think anyone non-familiar with these interactions would have problem with. Perhaps explanation of how relaxed these consensus sequences can be, and how many different types there are should be mentioned in the text.
Our data suggest that the position of the HSE (in the vicinity of the regulatory region versus gene body) in the gene might be more relevant than the HSE sequence itself, possibly due to the chromatin environment. We have now mentioned the possible effects of HSE sequence homology and position in the discussion, and provided these informations for more genes in supplementary Fig S3 (see Discussion page 22 ).
Point #9:
The SUMOylation data needs to be rearranged and the text clarified such that it becomes a readable piece. This is one of the key components of the paper but seems to be crammed into a few panels, which are small, of relatively low quality (on the PDF), and less informative than they should be. The Referee's comment certainly must be followed.
We have rectified the text accordingly.
Point #11 might be of less importance if the above concerns are exhaustively addressed.
We are very grateful for this Referee's advice and think we have answered most of his/her questions. We have concentrated on identifying new target genes involved in neuronal migration and affected by alcohol in an HSF2-dependent manner by performing RT-qPCR for 14 new genes identified as binding HSF1 or HSF2. We identified the position of their HSEs by bioinformatic analyses and validated HSF2 binding status before and after CAI for two genes (Dcx and Chl1) that were not found in ChIPSeq data. Due to limited materials, we could not perform ChIP on Hsf2 -/-(see point #1.11).
For Referee 2, I agree with her/his critical point (#2) on the lack of representative images in Figures 1 and 6 , which gives the lingering impression of substandard data quality. This certainly should be addressed, and accommodated.
We have provided representative images as requested.
Points #3, #4, #5 and #7 will need to be dealt with. I would perhaps deemphasize #6, except the query about the statistical significance, which I think is erroneously reported. The other queries are self-explanatory.
Please see our detailed responses in points #2.3, #2.4, #2.5 and #2.6. Other corrections have been made as requested.
CONCLUSION
We think that we answered most of the Referees' requirements and hope that the amended manuscript will meet their expectations and qualify for publication in EMBO Molecular Medicine.
2nd Editorial Decision 14 April 2014
Thank you for the submission of your revised manuscript to EMBO Molecular Medicine. We have now received the enclosed reports from the referees that were asked to re-assess it. As you will see, the reviewers are now globally supportive and I am pleased to inform you that we will be able to accept your manuscript pending the following final amendments: 1) Figures 3, 4D , 5C,D,F (western blots) appear to have suffered too much contrast and light. I encourage you to reduce both in order to be able to identify the background.
We now encourage the publication of source data, particularly for electrophoretic gels and blots, with the aim of making primary data more accessible and transparent to the reader. Would you be willing to provide a PDF file per figure that contains the original, uncropped and unprocessed scans of all or key gels used in the figure? The PDF files should be labeled with the appropriate figure/panel number, and should have molecular weight markers; further annotation may be useful but is not essential. The PDF files will be published online with the article as supplementary "Source Data" files. If you have any questions regarding this just contact me.
I look forward to seeing a revised form of your manuscript as soon as possible.
***** Reviewer's comments ***** Referee #1 (Remarks):
The authors have satisfactorily addressed my primary concerns.
Referee #2 (Remarks):
The manuscript has undergone an extensive revision and the authors addressed most of the concerns in a suitable way. In *Figure 3*, the contrasts have been modified to allow better detection of the back ground process, or when the exposures allowed it, we came back to the raw files to work on it (ex: Figure 3C ). Sometimes, (*i.e.* in Figure 3A ), using Chemismart device, exposures with unsaturated signals, gave a very low background; see for example the corresponding raw data comparing two different exposures).
Note that in Figure 3C , we realized that the upper panel had been pasted in the inverted orientation. Because the gel was perfectly symmetrical, this did not change at all the conclusion of the study (namely that ethanol exposure does not provoked a shift in HSF1 migration (no HSF1 hyperphosphorylation)) as heat shock does (HSF1 hyperphosphorylation). We fixed this panel to stick to the raw data.
In * Figure 4 *, the blot HSF2 CTR has been replaced by the original raw data to improve the background detection and lower the contrast problems.
In * Figure 5 C and F*, we tried to "push" the background to make it more detectable, but as can be seen from the raw data, the background was originally very low on the *Chemismart *exposures. For * Figure 5D * (EMSA), we also have started again from the raw picture to diminish contrast.
*Supplemental Figures:*
In Figure S1A , brackets were added for more clarity about the statistical process
In Figure S4 , the loading control is actually "Actin" and not "Hsc70" as was first indicated. This was fixed on the Figure S4 (one of the good things of going through the raw data again).
In Figure S10 C, we added a bar to the WB (see the corresponding raw data).
We also deleted the HSF2 lanes in Fig S10D (see below) .
I hope that we have met most of your requirements and thank you very much for your patience,
